Background. Myxofibrosarcomas (MFS) are a historically heterogeneous group of tumors that exhibit a propensity for local recurrence. The objectives of this study were to analyze the prognostic factors and outcomes of patients with MFS treated at a single institution. Methods. We retrospectively reviewed the records of 69 consecutive patients with pathologically confirmed MFS of the extremities or superficial trunk who underwent surgery from August 1995 to November 2010. Clinicopathologic features, treatments, and patient outcomes were reviewed. Results. Sixty-nine patients were identified, of whom 38 were men (55 %). The median age was 62 years. Sixtyfour patients (93 %) presented with primary tumors, and 5 patients (7 %) presented with locally recurrent tumors. Median tumor size was 6.0 cm, and 44 patients (64 %) had grade 3 tumors (FNCLCC [Fédération Nationale des Centres de Lutte Contre le Cancer] classification). Margins were microscopically positive in 14 patients (20 %) and negative in 55 patients (80 %), including close margins (\1 mm) in 14 patients (20 %). Fifty-three patients (77 %) received radiotherapy. At a median follow-up of 41 months, there were 11 local (16 %) and 11 distant (16 %) recurrences. The local and distant 5-year recurrence-free survival rates were 72 % and 82 %, and the 5-year overall survival was 61 %. Increased age (scaled by 0.1; hazard ratio [HR] 1.80, P = 0.002) and tumor size (HR 1.12, P = 0.004) were negatively correlated with overall survival. Positive/close (\1 mm) margin status (HR 4.34, P = 0.030) predicted worsened local recurrence-free survival.
myxoid malignant fibrous histiocytomas and MFS describe these tumors as having a significant propensity for local recurrence, while exhibiting an overall better prognosis when compared to other types of sarcomas. [7] [8] [9] This penchant for local recurrence is concerning, given that up to 50 % of recurrences exhibit higher-grade histology and correspondingly greater metastatic potential than the primary lesion, postulated to be related to the infiltrative growth pattern seen in MFS. 8, 10 Recent retrospective cohorts of MFS reported a 5-year local recurrence rate of 18-31 % and an associated overall survival (OS) of approximately 70 %. 7, 11, 12 Tumor size at resection, tumor grade, positive surgical resection margin, percent necrosis, and mitotic rate have all been suggested as possible prognostic factors for disease-specific and metastasis-free survival, but these studies have been hampered by their small size and heterogeneous treatments. [11] [12] [13] Over the past 20 years, advances in sarcoma management have encouraged the use of combined modality therapies to improve survival and promote limb-sparing surgery. However, the precise roles of pre-and postoperative chemotherapy and radiotherapy (RT) remain elusive. The goals of this study were to evaluate the clinicopathologic characteristics, treatments, and outcomes for patients with MFS and to define an optimal treatment approach.
METHODS
This study was approved by the institutional review board of Partners Healthcare/Massachusetts General Hospital (MGH). Patients included in this retrospective study were treated at the MGH from January 1, 1995, through November 30, 2010, and had a histologically confirmed diagnosis of MFS or myxoid malignant fibrous histiocytoma. All pathologic specimens were initially interpreted at MGH and reviewed again in light of the current WHO diagnostic criteria before inclusion in the study cohort. Patients with primary tumors in the extremity and superficial trunk soft tissues were included. Tumors located in the head, neck, retroperitoneum, and brain were excluded. Patients who did not undergo definitive surgery at MGH, or for whom complete pathologic or follow-up data were not available, were excluded.
The electronic medical records of included patients were reviewed, and details regarding the presentation, histologic features, treatment course, and vital status were ascertained. The three-tiered FNCLCC (Fédération Nationale des Centres de Lutte Contre le Cancer) grading classification system was used, and tumors with overlapping grades (e.g., grade 1-2) were classified at the higher tier. Pathology reports of surgical specimens were evaluated in conjunction with operative reports to determine the type of resection, tumor depth, and margin status. Resections were pathologically classified as being R0 (macroscopically complete with negative microscopic margins), R1 (macroscopically complete with microscopic cells at the inked resection margin; positive margin), or R2 (macroscopically incomplete). R0 resections were further classified as negative (margin C1 mm) or close (margin \1 mm). Radical resection included wide surgical excision encompassing a portion of the surrounding compartmental fascia and/or excision or rearrangement of adjacent vascular or nerve structures. Wide excision included surgical excisions with intracompartmental excision of the tumor. Definitions for the extent of surgical resection, including a 1-mm threshold for negative/close margins, have previously been used in other series describing MFS. 7, 11 The primary outcome measures for this analysis were rates of OS, local recurrence-free survival (LRFS), and distant recurrence-free survival (DRFS). Dates of death for patients with Social Security numbers were obtained from the Social Security Death Index (SSDI). OS was calculated from the date of confirmed pathologic diagnosis to the date of documented death by SSDI. Patients who were still alive at last contact were censored for OS at this date. LRFS and DRFS were calculated from the date of confirmed pathologic diagnosis to the date of first local or distant progression or recurrence, respectively. Patients who had not experienced a local or distant recurrence as of the date of last contact (including death) were censored at this date. Overall recurrence-free survival (RFS) was calculated from the date of confirmed pathologic diagnosis to the date of first of local or distant progression or recurrence. Patients who had not experienced a local or distant recurrence as of the date of last contact (including death) were censored at this date.
Kaplan-Meier survival estimates were calculated for LRFS, DRFS, RFS, and OS. Univariate Cox proportional hazard regression modeling was used to determine clinical and histologic predictors of LRFS, DRFS, and OS. Because of the modest sample size and relatively high censoring rate, multivariate models were not constructed. All reported p-values are two-sided using a significance threshold of 0.05. Statistical analyses were performed by SAS version 9.2 (SAS Institute, Cary, NC).
RESULTS
Clinicopathologic features of the 69 patients are shown in Table 1 .
All patients underwent surgical resection. Fifty-six patients (81 %) underwent radical resection, 11 (16 %) wide excision, and 2 (3 %) amputation. Thirty-one patients (45 %) underwent complex surgical reconstruction, including a pedicled local flap with or without a split thickness skin graft in 19 patients (28 %), a free flap with microvascular anastomosis in 1 patient (1 %), a split thickness skin graft alone in 8 patients (12 %), and complex primary closure in 2 patients (3 %).
Fifty-three patients (77 %) received RT, including 11 patients with R1 resection (3 patients with grade 1 tumors and 8 patients with grade 2 or 3 tumors) and 42 patients with R0 resection. Of these 53 patients, 5 (9 %) had grade 1 tumors, 13 (25 %) had grade 2 tumors, and 35 (66 %) had grade 3 tumors. Preoperative RT was administered in 32 patients (60 %), postoperative RT was provided in 8 patients (15 %), and 13 patients (25 %) received both preand postoperative RT. Of these 13 patients, 2 received intraoperative electron-beam radiotherapy and 11 patients received postoperative external-beam radiotherapy boost doses from 10 to 20 Gy to the tumor bed. Examining the 46 patients who received preoperative treatment, 30 (64 %) received a total preoperative dose of 50 Gy. Eight patients (12 %) received interdigitated preoperative chemoradiotherapy with 44 Gy over 2 divided fractions. Two patients received preoperative RT doses of 20 and 22 Gy, respectively. The former patient received 20 Gy RT before definitive surgery after a previous knee arthroscopy introduced possible intra-articular contamination with tumor cells. The latter patient received 22 Gy in hospital before definitive surgery.
Of the patients who received solely postoperative RT, 7 patients received doses between 60 and 68 Gy, and 1 patient received a 14 Gy boost to the tumor bed after a R0 resection. The latter patient had a 13-cm grade 2 tumor, but because of advanced age, this patient could only tolerate a short RT course. Specifically looking at patients with grade 2 and 3 tumors who received R1 resections (8 patients), 7 patients received preoperative RT with 50 Gy, and 5 received additional postoperative RT for positive margins (range 10-20 Gy).
Receipt of radiation based on tumor grade and surgical margin status is shown in Table 2 .
Thirteen patients (18 %) received chemotherapy, including 11 (16 %) who underwent combined pre-and postoperative chemotherapy. Three patients (4 %) with grade 1 tumors, 4 (6 %) with grade 2 tumors, and 6 (9 %) with grade 3 tumors received chemotherapy. The most common chemotherapy regimen (7 patients) was MAID Fig. 1 . At a median follow-up of 41 months (range 2-161 months), 19 patients (28 %) had died, 46 patients (67 %) were alive without evidence of local or distant recurrence, and 4 patients (6 %) were alive with locally recurrent or metastatic disease. The 5-year OS rate was 61 %, while the 5-year LRFS, DRFS, and overall RFS rates were 72 %, 82 %, and 62 %, respectively. None of the patients with grade 1 tumors experienced local or distant recurrence.
For high-grade (grades 2 and 3) patients only, the 5-year OS was 53 %, while the LRFS, DRFS, and overall RFS rates were 66 %, 80 %, and 58 %, respectively.
Age (hazard ratio [HR] 1.80, P = 0.002), scaled by 0.1, and tumor size (HR 1.12, P = 0.004), modeled as a continuous variable, were univariately significant predictors of worsened OS. A trend was seen toward decreased OS for higher tumor grade patients (HR 2.03, P = 0.069), while a favorable trend was seen for patients receiving RT (HR 0.46, P = 0.100). Age and tumor size were found to be independently significant on multivariate analysis (both P \ 0.01); however, this multivariate model was considered exploratory as a result of the modest sample size and low event rate.
For high-grade patients only, age (HR 2.64, P = 0.039), scaled by 0.1, and tumor size (HR 1.11, P = 0.010) again univariately predicted worsened OS.
Local recurrence occurred in 11 patients (16 %) at a median of 16 months (range 6-85 months) after diagnosis. Nine of these patients (82 %) experienced recurrence within 36 months of the initial diagnosis. Clinical courses of these patients are shown in Table 3 . Treatment for these locally recurrent tumors included surgery alone in 4 patients (6 %), surgery and RT in 4 patients (6 %), and surgery and brachytherapy in 2 patients (3 %). One patient underwent definitive external-beam RT with complete tumor regression. Four patients (6 %) experienced multiple local recurrences.
Looking specifically at patients with high-grade tumors, local recurrence occurred in 8 patients (12 %) with grade 3 tumors and 3 patients (4 %) with grade 2 tumors, including 1 patient whose tumor grade increased from 2 to 3 upon recurrence. Of the 8 patients with grade 3 tumors, 3 had negative surgical margins, 1 had a close margin, and 4 had positive margins. Of the 3 patients with grade 2 tumors, 2 had had close margins and 1 had a positive margin.
Close/positive margin status (HR 4.34, P = 0.030) was the sole significant predictor of local recurrence on univariate analysis, while R status (HR 3.08, P = 0.064) showed a trend toward significance. There were no univariately predictive variables of local recurrence when considering high-grade patients alone.
Distant metastatic disease occurred in 11 patients (16 %) at a median of 10 months (range 3-64 months) after diagnosis, including 3 patients (4 %) who also developed local recurrences. Distant recurrence occurred in 8 patients (12 %) with grade 3 tumors and 3 patients (4 %) with grade 2 tumors. Only one patient who had a documented grade of the metastatic site had an increase in the grade of his disease from 2 to 3. Of those who developed distant metastases, 4 patients (6 %) developed metastases at multiple sites. Ten patients (15 %) developed lung metastases, and 4 underwent surgical metastasectomy. Four patients (6 %) developed brain metastases, 2 of whom underwent surgery with whole-brain RT and 2 of whom received chemotherapy alone. Other sites of metastases included small bowel, pelvis, retroperitoneum, stomach, Tumor size (HR 1.16, P = 0.004) and receipt of chemotherapy (HR 3.50, P = 0.048) were the only univariately significant predictors of distant metastatic disease, while tumor location (lower extremity vs. remaining sites, HR 4.43, P = 0.057) and tumor grade (HR 2.92, P = 0.106) trended toward significance (Table 4 ). An exploratory multivariate analysis considering all four of these variables, and stepwise selection showed that only tumor size maintained significance in the multivariate setting (P \ 0.01). Only tumor size (HR 1.15, P = 0.009) persisted as a univariately significant variable when considering high-grade tumors alone.
DISCUSSION
In this study, we present the treatment and survival for 69 patients with MFS with a median follow-up of 41 months. Liberal use of RT in combination with a high rate of microscopically negative surgical resection margins combined to produce a low rate of amputation (3 %) and a 72 % 5-year LRFS rate.
MFS clinically tend to have lower rates of distant metastasis and higher rates of local recurrence than other types of sarcomas. 7 Historically, local recurrence rates for malignant fibrous histiocytoma and MFS has ranged from 22 % to 79 %. 2, 5, 9, 14 It also has been associated with higher-grade recurrent disease in 42-50 % of patients. 9, 14, 15 Of the 3 series of MFS utilizing the WHO histologic classification, two series reported 5-year rates of LRFS of 82 % and 30 %, respectively. 12, 13 The third study reported a 4-year LRFS of 60 % but restricted its reporting to intermediate and highgrade tumors. 11 The present study reports a 5-year LRFS rate of 72 % (66 % for high-grade tumors alone), which lies between the rates of the aforementioned series. Multiple local recurrences occurred in 4 (36 %) of the 11 patients in our series. This is less than that reported in other studies, in which patients developed multiple recurrences in approximately 48-54 %. 9, 11, 13, 14 This discrepancy cannot be fully explained by a somewhat shorter median follow-up time, as our 41-month median surveillance period is longer or comparable to that of other series. 11, 13 However, the liberal use of RT may explain the lower rate of multiple recurrences in our study.
Several studies have identified significant predictors of local recurrence and metastases, including tumor size, depth, extent of histologic myxoid areas, mitotic rate, and grade. 1, 4, 5, 13 However, these studies are fraught with the inclusion of a diagnostically broad spectrum of myxoid neoplasms and an inconsistent use of multivariable models. In this study, tumor size and age were significantly predictive of OS, while close/positive margin status was predictive of LRFS. Interestingly, tumor grade was not significantly associated with local or distant failure, as reported in other studies. 7, 12 However, with a median follow-up of 65 months, none of the 9 patients with grade 1 tumors included in this report experienced a recurrence. It is very likely that tumor grade is an important predictor of recurrence; the lack of statistical significance in this series is explained by the small number of patients with grade 1 tumors and the total absence of recurrences in this group. When analyzing the 60 patients with high-grade tumors alone, the 5-year LRFS rate of 66 % is better when compared to the series by Haglund et al., which also looked at high-grade MFS but had a 4-year LRFS of 60 %. 11 The patients in both of these series had an approximately 78 % rate of radiation administration and a 20-25 % rate of margin positivity.
The importance of the surgical resection margins has been reported in several studies to affect rates of local recurrence in many types of sarcomas. 7, 16 If one defines a positive surgical margin as either tumor at ink or within 1 mm of the inked margin, as defined by Lin et al. and Sanfilippo et al., patients in this series with a positive margin had a statistically worse RFS than those patients with negative margins (HR 4.34, P = 0.030). 12, 13 Both of the aforementioned series, with positive margin rates of 35 % and 18 %, respectively, found positive margins to be predictive not only of local recurrence, but also of distant recurrence and overall and metastasis-free survival. An association between positive margin status and OS has been previously attributed to the infiltrative growth pattern commonly observed in MFS, and subsequent high rate of local recurrence. 10, 17 These recurrences, in turn, are often of higher grade than the original tumor and may be unresectable and/or metastatic. 7 Thus, it is critical that MFS be treated surgically with aggressive attempts to achieve widely negative margins to optimize both local control and survival. Although there are no guidelines defining the optimal extent of the surgical margin in MFS, it seems reasonable to aim for at least a 1-2 cm margin when anatomically feasible. The appropriate extent of surgical resection can be guided by the extent of soft tissue edema seen on preoperative magnetic resonance imaging, the diameter of which is often much greater than that of the actual tumor and may delineate the infiltrative tumor edges. 10 Staged procedures (e.g., ''slow Mohs'' surgery), in which radical resection is followed by temporary wound coverage with a dressing before definitive reconstruction, are often appropriate in the surgical treatment of MFS to allow for careful, detailed pathologic assessment of the circumferential margins on permanent sections. 18 The use of RT has been associated with decreased local recurrence rates for several types of sarcomas, but this finding has not been demonstrable in recent series on MFS. [10] [11] [12] [19] [20] [21] In the present study, 77 % of patients received radiation as a component of primary therapy, including 6 (55 %) of 11 patients who experienced local recurrence. When examining the descriptive tumor and treatment characteristics of patients who received radiation (53 patients), 91 % had intermediate or high-grade tumors, 20 % had a R1 resection, and the median size was 6.9 cm. There were no significant differences when these patients were compared to those who did not receive radiation (16 patients), whose correlative characteristics were 86 %, 20 %, and 5.0 cm. Although optimal regimens remain to be delineated, the liberal use of radiation in this series, combined with a 80 % R0 resection rate, show that aggressive multimodality treatment for MFS can achieve reasonable rates of local recurrence. There are limitations to the applicability of this retrospective study. Although this is the largest documented North American cohort of MFS, the numbers of patients and recurrence events are small, and treatment strategies presented represent those of a single institution with inherent selection biases. Therefore, the ability to elucidate prognostic factors with narrow confidence intervals is limited. Furthermore, the follow-up time of 41 months is relatively short, given the promising overall 5-year survival.
In conclusion, MFS is a soft tissue sarcoma that has a propensity for local recurrence as a result of its infiltrative growth pattern. In this study, OS for MFS patients was influenced by tumor size and patient age, and local recurrence was predicted by margin status. The liberal use of RT in 77 % of treated patients, in tandem with aggressive surgical resection aimed at negative microscopic margins, demonstrated promising 5-year rates of local and DRFS and a low rate of multiple local recurrences. In addition, no patient with a grade 1 tumor in this series developed recurrent disease at a median follow-up of 65 months. Future research is needed to elucidate the role of radiation and chemotherapy in the treatment of MFS, but on the basis of the findings of this study, we believe that RT should be considered for all patients diagnosed with grade 2 or 3 MFS and that consideration should be given to staged surgery/reconstruction followed by postoperative RT. Finally, given the complexity and rarity of MFS, these patients should be assessed in a multidisciplinary environment where a team-oriented approach can optimize management and surveillance.
